(iMark TM microplate absorbance reader, Bio-Rad laboratories, Inc., California, USA) was used to detect the 111 colored product with strong absorbance at 450 nm.
112
The blood ALDH activity of animals was measured before the first dose on the first day and 90 min after the 113 final dose on day four (Figure 4 ). Eighteen animals (6 animals of each group) were randomly selected. Tail 114 venous blood (0.3 cc) was collected and centrifuged at 3,000 RPM for 10 min.
115
ALDH activity was measured according to the protocol provided by Abcam 22 .
117
Behavior score
118
We recorded videos to observe the animals' behavior. Videos captured for the intoxication behavior score before 119 every ethanol injection (thrice daily) ( Figure 2 ). Videos for the withdrawal behavior score were captured every 4 120 hours beginning 10 hours after the last infusion of ethanol for 72 hours. The rats' group types were not evident in 121 the videos. Using these videos, the blinded researcher rated the behavior (intoxication and withdrawal) scores as 122 described by previous reports 8, 23 ( Figure 2 ).
124
Tissue preparation and histopathological analysis 125 After a withdrawal period (for three days after the last dose of ethanol), animals were anesthetized with a 2:1 126 ratio of zoletil (0.7 ml/kg) and rumpun (0.3 ml/kg) and were intracardially perfused with cold saline (400 ml) 127 followed by 4% paraformaldehyde in 0.1 M phosphate-buffered saline (PBS, pH 7.4) until the upper extremities 128 became stiff. Brains were extracted and post-fixed using the above fixative for at least four hours and were 129 subsequently washed with tap water for 12 hours. Brains were dehydrated using ethanol and cleared using 130 xylene. After paraffin infiltration, the brains were embedded into paraffin blocks. Six-micrometer-thick paraffin The myelinated fibers and nerve cells were dyed blue and purple, respectively. 37, 38 , which depends on the developmental timing of ethanol exposure, with 226 maximal injury achieved before postnatal day seven. However, little evidence is available in adult rat models.
227
Binge ethanol-induced thalamic injury was also demonstrated in the developing mouse brain, but it has not been 228 reported in adult models. Although chronic ethanol intoxication may induce cerebellar and thalamic damage 39 , 229 acute ethanol intoxication does not significantly impair the cerebellum and thalamus in adult rats. Thus, in this 230 study, we selected the hippocampus to show the difference in brain injury between the binge group and binge 231 with Alda-1 group.
232
As previously mentioned, ethanol-induced brain damage is largely attributed to acetaldehyde accumulation.
233
Aldehydes are strongly electrophilic given their terminal carbonyl groups, which makes these molecules highly 234 reactive. Aldehydes can react with cellular nucleophiles and form various adducts, which are believed to be the 235 primary mechanism of their toxicity. Chandler et al. 40 suggested that glutamate-aspartate-containing pyramidal 
